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TOM TAT: chung 10i dua ra mgt phwong phdp heu trit va khai thdc dit liéu khong
gian trong DBMS véi viéc tao index khiong gian cho cdc doi tuong trong bang diF liéu sao
cho ching hoan toan doc ldp ldn nhau. Muc tiéu ciia phuwong phdp phan chia khéng gian véi
index d’oz twong doc 1dp ldn nhau trén méi tmcrng da ngu'm dung sao cho'van bao dam cdc
vdn dé khai thac. Tinh chdt chi dao trong gidi phdp ciia chung 10i la viéc thém vao hay xéa
di mét déi twong khéng danh hmmg dén index khong gian cia cdc doi twomg khdc. Ngoai ra
viéc phdn chia kich thuéc cia lu6i cua méi cdp linh hoat tiy theo sw phan bé khéng gian
ciia doi tugng, chir khéng can phdi dinh nghia truéc theo kinh nghiém cua chuyén gia tao
dit liéu.

1. Giéi thiéu
Viée luu trir va khai thac dit li¢u khong gian, ddc biét dit liéu GIS duoc quan tdm kha nhiéu
trong cac ung dung GIS vi s luong ciing nhu tinh chét khai thac cua linh vuc nay. Trong thuc
té da c6 nhiéu giai phap cho vén dé nay, phén 16n cac giai phap dé sir dung cay phén chia khdng
gian (nhu Quad-tree hay K-tree) dé tao index cho dit liéu khong gian. Bai viét nay chung t6i
duva ra giai phap luu trit va khai thac dir liéu GIS trong DBMS vi tinh chét phan bd dia 1y cta
cac dbi tuong trong linh vuc nay it c6 tmong hop overlap 14n nhau qua nhiéu. Phuong phép chi
dwa vao triét 1y cay phan chia khong gian dé tao 1udi phén 16p, chir khong hoan téan dua vao
mot loai cdy (Quad-tree hay K-tree) cu thé. Chuing t6i dua ra céc giai phap tao index khéng gian
doc 1ap cho mdi ddi twong.
2. Tao index khong glan thong qua lwéi phin cap
Viéc tao index khong gian cho doi tugng dua vio minimum bouding rectangle cua mbi dm
tugng. Mdi mot béng dit ligu thé hién mot layer ban dd. M3i mot dbi twong indexing duoc thé-
hién bing mdt miu tin trong bang twong \mg.
Phuong phdp Spatial Indexing
Cho mot doi tuong bt ky, goi 1a Obj. Cho Mbr(Obj) = (Xmin, Ymin» Xmax» Ymax), 12 hinh chit nhat
bao quanh nho nhét ctia dbi tuong.
bit r= max(xmx “Xminy Ymax-Xmin), 12 ban kinh cta d6i tuong.
= (Xmin t Xmax)/2.
yc‘ = (Ymin * Ymax)/2. (xc, yc) 12 tm cua dbi tugng.
Spatial Indexing cua don tugng Obj dya vao bd ba tham s6 (r, xc, yc) Tuy theo glé tri cia r ma
chiing ta sé& sap xép ddi tugng Obj vao grid & cap tuong tmg. Tuy viy Vi ca ba gi4 tri déu 12 s§
double, nén viéc tao index khdong gian d¢ luu trir va khai thic s& gip khé khan
Cho gia tri » bét ky, dinh nghia Gj, 13 grid vé han cp /r sao cho kich thuéc mdi cell c6 gia tri
Ir—logzr (1)
Ta thiy réng, gia tri Jog,r c6 thé bidu din bing thanh phin exponent (bit 52-62) cta sé double
theo chudn IEEE.
Nhu vay véi mdi ddi tugng c6 ban kinh r cho truée ta s& tim dugc grid véi kich thude cell la
log,r dé sap ddi tuong nay vao. Vén dé dén bude nay vin chua rd vi su sap xép céc cell cua grid
chua rd rang. Ngoal ra viéc dbi tuong duge dit vao cell nao ciing chua rd.
Thay vi dung gia tri double, ta dat
Xc' = [xclz"}. 14 gid tri nguyén cia phén sb nay. (2)

Trang 38



TAP CHi PHAT TRIEN KHCN, TAP 7, 50 1/2004

ye’ =[yc/2"]
Gié trj 2" thé hién ban kinh 7 clia déi twong nhu dinh nghia & trén.
Bay gid, ta chon (xc’, yc’) 14 tam ctia ddi tugng Obj dang xeét.
Nhu vdy, ta da xay dung duoc grid véi cac tham sb (kich thude cell, va tim méi cell) 12 gia tri
nguyén. V& co ban véi Obj da cho & trén ta dé dang sip xép nd vao cell c6 tam (xc’, yc’) cta
grid G, theo hinh 1 dudi day.
VENET B

(xc" yc)

el B =
1

- ————— =
' '

Hinh 1 - Phin bé cell & cAp /r. Phan bd giira cdc cdp khong hoan tdan theo Quad-Tree.

Ta ¢6 thé tron 03 (Ir, xc’, yc¢’) gia tri thanh mét chudi trong field DBMS. Déy chinh la index
khéng gian cia ddi tuong hinh hoc. Trong mdi cap grid, gié tri Ir (cap cua grid) giit nguyén, vi
vay ludn dugc dat & phan dau ciia chudi index.
Trong thuc té, gia tri xc¢’ va y¢’ dugc cong thém mot gia sb6 dé khong bao gi mang gié tri am,
do dé chudi index khong gian s& khong xut hién déu trir. Poan ma sau md ta viéc tao chudi
Spatial Index. Ching téi dung chudi spatial index dai 32 bytes.

String strSpatiallndex

strSpatiallndex. Format(“%6d_%12d_%12d", Ir, xc’, yc’)
Chiing t6i ding 6 ky tu biéu dién cdp grid, 12 ky tw cho mdi thanh phén toa d9 tam.
Phuong phdp tao chudi index tudn tw theo hiang ,
Phuong phép nay don gian 1a ghép gia tri xc’ theo sau la yc’ trong chudi spatial index . Minh
hoa viéc két hop tim nhu trong hinh 2 dudi day.

F /)01
L1

Ea= Batey 01

02

Hinh 2 - Phuong phép tao index khong gian t}li‘m tu theo hang. P6i tugng O1 gin O2 trong
khéng gian, nhung khong gan nhau trong bang dir liéu.
Loi diém cita céch tiép can nay 1a d& dang xAy dung spatial index. Tuy nhién nhugc diém c6 thé
phat sinh 1a déi khi do6i tuong trong khong gian khong duge phan b hop ly trong bang dit liéu,
nhur hinh 2 & trén. V6i cach sip xép nay, c6 thé cin phai c6 nhiéu query dé ldy tap d6i tugng cat
hinh chit nhat cho truée, din dén viéc truy xuat dit liéu chdm hon.
Phuwong phdp dan chéo
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Phuong phép nay tron gid tri xc’ va yc’ chéo nhau nhu trong hinh 3 dudi day.

b
Pt i G

Hinh 3 - Phuong phéap dan chéo.

Loi diém cta cach tiép can nay la tao diéu kién sao cho néu doi tuong gén nhau trong thuc té thi
dan dén spatial index ctia ching ciing duoc luu gin nhau trong ban dit lidu. Didu nay thuan loi
cho cdc query khéng gian. Tuy nhién viée cai dt c6 tuong déi phirc tap hon so voi phuong phap
tudn tu & trén. ‘

3. Phwong phép khai thac

Véi phuong phép spatial index trinh bay ¢ trén, ta thdy viéc thém, chinh sira hay x6a mot déi
twong hoan toan khéng anh huong dén déi twong khac.

Phirong phip query khong gian g ) S50 )

Chung ta xét query co ban nhit 1a ldy cac dbi twgng (dé hién thi, phan tich) nam trong hay cat
mot khu vue cho truge (xi, yi, X2, y2). Ching ta dung phuong phap tao index khong gian tuan w
dé minh hoa cho phép téan nay. ;

Truge khi tra 101 cho query trén, ching t61 cung cép cac doan mi dé tao spatial index nhu sau:
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GetCenterFromRadius (double r, double xc. double yc)
int gridlevel = GetExponenttromDouble (r);
double gridradius = GetDoubleFromExponent ( gridlevel)

xc’ = (long)(xc/gridradius) /e thé cong thém gia tri dé cho khong am
yec' = (long)(yc/gridradius) //c6 thé cong thém gid tri dé cho khong &m

(V)
Poan ma tao khong gian index cua ddi tuong c6 (xc, y¢ va r).

Spatialindex(double r, double xc, double yc)
CString String;

int gridlevel = GetExponentFromDouble(r)

double gridradius = GetDoublcFromExponent(gridlevel)
long x¢ 1 = (long)(xc/gridradius)

long yc_1 = (long)(yc/gridradius)

//Cong thém gia tri cho xc 1 va yc | khong mang gia tri am.,

ulong xc 2 =xc_l+bigint
ulong xc_2 =yc_1+bigint

String.Format("%6d %12d %12d", gridlevel, xc_2, yc 2)
return String

Chung t61 dung ma gia de minh hoa thuc hién query co ban trén. Gia st index khong gian dugc
tao theo phuwong phap tuin tu. Gia su ta dang can v& 16p ban dd o ti I¢ nhit dinh. va khong \¢
céc doi twong qua nho & ti 1é nay trén man hinh — nghia la kich thuoc pixel (nhan kich thuée doi

twong vai ti 1é vé nho hon 2 pixel). Dé hién thi cac ddi tuong ¢6 ‘ndm trong man hinh’. trudce

tién tao can query trén bang dir liéu d¢ lay cac ddi twong thich hop.

scale: 1a ti 1¢ gitra man hinh va kich thudce 16p di liéu khong gian.

maxgridlevel 1a *ban kinh 16n nhiat” cua grid ¢6 Lép cao nhat (grid chira df)i tuong 1on nhit
trong 1op dir liu khong gian. Gia tri nay ludn biét duge cho mdi bang. Ching ta
dé dang lay duoc gid tri nay khi xét dén 06 ky tu dau tién cua tr wong index khong
gian cua moi record.

minsize * Khéng lay cic di tuong ¢ kich thirde hién thi nho hon minsize pixel

minsize= GetExponentFromDouble (2/scale)+3
for(int 1 = minsize; 1 <= mavgridlevel; 1++)

1}
§

//xdc dinh kich thudc cua hinh chir nhat query ¢ moi cap

left = x1 - GetDoubleFromExonent(i-3)

top =yl - GetDoubleFromExonent (i-3)
right = x2 + GetDoubleFromExonent(i-3)
bottom = y2 + GetDoublcFromExonent (i-3)
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//x4c dinh s6 hing va cot cua ludi dang xét, ciing cell bit ddu duyét
cellx1 = GetDoubleFromExponent(i)/left :
cellyl = GetDoubleFromExponent(i)/top

cellx2 = GetDoubleFromExponent(i)/right

celly2 = GetDoubleFromExponent(i)/bottom

for(j = cellx1; j <= cellx2; j++)
for(k =celly1; k <= celly2; k++)

{
CString strSpatiallD;
strSpatlalID Format(*%6d %12d %l12d”, 1 J+bigm[ k+b1g1nt)
Thue hlen query trong bang dit liéu voi tnrcmg spatial index bang
- voi strSpatiallD.
} 3

}

Trong trudmg hop xdu nhét 1a Iugi ¢ kich thude min nhat la bang 1, khi d6 viéc query khong
gian theo vi du trén s& cham. Trong thuc té img dung, chiing ta c6 the khong xét dén ludi qua
min, nghia la kich thudc cel! nhé hon mdt gia tri nao do. Ching ta ding ludéi c6 kich thudc cell
16n hon chita dbi tugng c6 cung kich thude. Khi dé trong doan ma (IlI) & trén, ching toi cong
thém gia tri 3 vao gridlevel (hang thir hai). Diéu nay c6 nghia la cac d6i tuong c6 ban kinh ‘1’
s& duoc chuyén 1én ludi cp *3°, dbi twong cd 2 dat & ludi cap 4, v.v... Ngoai ra dé tranh dung
qué nhiéu céc cu query véi dleu kién bdng, chiing ta c6 thé dung bat ddng thirc cho ciu query.
Véi cac phan tich nhu trén chiing t61 xdc dinh céu tric bang dé quan ly tuong tmg v&i mot 16p
dir liéu khong gian nhu sau.

Tén Kiéu Do dai | Ghichud ‘
SpatiallD CHAR 32 Gom ba thanh phan, cich nhau bot ky tu gach
dudi.

6 ky tw-dau biéu dién cép grid chira doi tuong.
12 ky twr ke cho xc¢’
12 ky tu cudi cung cho y¢’

GuidID GUID Kiéu GUID theo chuén luu trir trong SQLServer

Data OLEObject Luu trit toan bd nd1 dung cua doi twong khong gian

...... Cac trudng tién ich khac

4. Két qua thir nghiém

Chung té1 thtr nghiém tc dd query khong gian (dung cho viéc hién thi va chon ) trén mot bang
dir liéu dia hinh cia mot khu vuc rong 2000km voi hon 1.2 triéu thira dat, 1.2 tridu chudi chi
thich, 14 ngan cung duong, va cac dir liéu that khic nhu hé thong song, bién giai, cac diém do
cao. S6 luong record khoang 3 tri¢u duoc tao bang phuong phap indexing tudn tu . Dung luong
dir lidu trén dia xap xi 03 Gigabyte. Str dung SQLServer 2000 cai dat trén PC PIV 1.4 MHz dé
luu dit liéu nay . Ket qua thir nghiém cho thay toc do lam viéc rat hiéu qua nhu trong bang dudi
day. Két qua nay gan nhu tuong duong v6i luu trir trén tdp tin nhi phan, véi phuong phép luu -
trir theo cdy phan chia khong gian Quad-Tree. Chung tdi cling da thir nghiém trén moi trudng
nhiéu ngudi dung dong thoi va ciing cho ra két qua tt nhu trén.

Thao tac Thoi gian thue hién (tinh theo gidy)

Hién thi toan b trén man hinh 0.47

Phong to gip doi tal tam 0.44

Tiép tuc phong to gip doi 0.56 o
D1 khung nhin sang tréi 0.53

Chon tat ca doi tuwong giao vl hinh tron ' 1.78
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Tiép tuc phong to gap doi 1.70

Thy hién phép phén tich khong gian (xéc dinh | 1.97
giao , hdi vadi doi tugng cho trudce)

Doi khung nhin sang phai 1.24
Tiép tuc phong to gap ddi (ti 1¢ bay gid 1:2000) 0.37
Tat ca céc thao tac 1ay di liéu tai ti 18 1:2000 Thoi gian thuc

5. Kétlujn , :

Gial phap trén day da lam vi€c rat hiéu qua véi so luong dir liéu khoang vai chuc triu
record/object cho mdt 16p ban do (hay ba’mg dit ligu table), voi dung lugng cho 01 layer khoang
1-10Gigabyte. Céc thi nghiém trén méi trudng ding chung ciing cho thay hiéu qua. Tuy vay,
ching toi chua thir nghiém trén nhig dir liéu cyc 16n (khoang hang tram tri¢u dén hang ti
record cho m01 bang). Trong bai viét nay chung téi chua d& cép dén cac khia canh k§ thuat khac
can giai quyét nhu Undo/Redo cho nhiéu ngudi dung, cac phuong phap indexing khac. Ching
t6i hy vong s& dé cap dén céc khia canh nay trong cac bai viét turong lai.

USING HIERARCHICAL GRID TO BUILD INDEPENDENT INDEX FOR
SPATIAL DATA IN DBMS

Ngo Quoc Viet, Dinh Tien Son

ABSTRACT: We suggest a method to store and explore spatial data using DBMS via
creating spatial indices for the 2D real world objects so that they are independent each other.
Purpose of space partition with independent spatial is for multi-user environment so that it
follow all normal deployment operations. The main idea in our methodology is to create spatial
index via aligning object to suitable grid level so that modification (add, update, delete) of one
or more objects doesn't affect to spatial index of any object/record in the table. In addition, size
and level of grid at each level is determined by the arrangement of objects, not predefined
through experiment of the data experts. ¢
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